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^m^nm i: -r 5 ^ 2 (Dipin-b^ e. * 1 (Dmm(D± 

•Ifo 

[a*«2] iilB^ 1 Al. Si. GaS 

f3^2 0Dtf3|st*SAl, Si. GaSUfTi*^e.*2.S¥J; 

CS*a3] SfflS^lODiliStfO. 5~1 OnmOJl 
$**b, mifB^2®^mi)S5 0~1 0 0 OnmCDlP^ 

CW*iR4] if5l^Jll4»e.3cDV^Ttii>{c:l3«cD*^ 
j^fig -r ^ xa S H ^ CI i: i: 1- 5 u — tf o 

4 {cl3«cD4^«f*;i/-+fcDSijg;&ffi, 

(ECR) 7'7X-7ft«^-efe5»*S4X«i5 

[0 0 0 1] 
[0 0 0 2] 

[t!e*©i$*s] mM. :tf'j'i7A«tt^ (GaAs) ais± 

C «JI ? n * #t- 5 U -if i^a ^ 

$nTV">5o c:®i-5'5:*^ftb— •tfC'^TN GaAs 
/AlGaAsft?^#P> InGaP'fe^'ftlicbfc 
0. 6%l^btt0. 8;Um^CDl/— tfti3fctt^f3®ife5> 

^tzT&m. I nGaAs/GaAsSl:^#PS*S14 

#t 7 r -I" /'^TVrfflOSig^j®^ bTfflv> ?>ft?. J: 5 

■r 5 CD AsBH-e 5 i: l<^ -5 BaSA^fe t> fc, 
[0 0 0 3] ijs-^ftb— !f®mJllaCoV^T{iCtl^ 

iSfflCite^JiSSS^, -r;9:t)*>C0D (Catastrophic 0 
ptical Damage) ■?>*®©3^K> i^a«{4^PIS«ii?i{^ 



A s S^i^±K:«B$nfe*#^!!i:jl^^'rs*«»^— r 

[0 0 04] BlIIB© COD If ©JtSSJg® 

jfi^As b— tf [*ia5f^^ b fc3fet?^ b-C iRiRfi^t:: * ^ 

i6fe<5:oT:v^5Cli:{3j;So i^3|#:«St#i9E-r5«ffl 
Jt8{SrS:;n'bfc^^^3feSi^^{±SS±#5#afc»t, 

cofetfSo coDCis^SH©5&^b^i^ 

[0 0 0 5] ±t3OC0DCDISg|1t3ta*«rlRl±b-r, 1^ 

ffiiiiS®©Tifj^^b> r*t)^>'i<y2^^-i/3>*sBS 

y >^—> 3 t.-^. Tl3o:S:fiR 1 K*V^Tii5 

tB±f^^^$:v— lfO'mi^®aft#*J<klF]^tii*i;^t^ 

:S:S)ii : nm^3- 10 118 3^^n {^mit-\^-if 
[0 0 0 6] z<D:icmix\t. »:®j;acfi^ffi©a$ts 

lc•^V^Tilb■CV^5. ir^t>-ib. iii^m^ii^ 5 0 mWC- 
figfflbfc®^, «!]^^{b4^^V^^3f9)S On->h'>j 

Ib^ bt: 3 0 O^HW±t:t>fco-c> 3 0 0 iiiWW±® 
[0 0 0 7] $fc> Bul3:S:i^it:tt, Tl353^t-:^i£-e 

~ 5— • >'1'J/i'^— >3 >^ff oTV^S. T^bTb. ISO 

y>K:*fbT^ K^^•g■*bfeV^t^!lE^i>»^,«:5^ii:^4* 

So B5ll30>'^f i'^— i^3>K{is '>Un> (Si) . 
>f}\^-^-^h (Ge) ^ 7>5^^> (Sb) (7)V>miP 
m, feSV^H:, S iiiS i©^{bll (S i3N4) 02 
mifhiSi^, y1>vi>'<-S'3>K4^©ilT-ffJ 
fiKfSfei&lC, ^||:}3j:y'M{t«co^^ilb-Cl 0-6p 
a JiiTCE* * b r V ^ 5 , 
[0 0 0 8] tseoTs :i:Sfclo±I3:5^T•tt^ ^fflSrfr 
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[0 0 0 9] 2f:^B^i:||JibT^ 7;i/5=:'i7A 

(Al) fe5i>ttS icD^fbm*>'^-j'i''<-^'3>^i: 

:i:iift2 : 1^li¥6 - 2 6 8 3 2 7^S^ 
CO 0 1 0] c:o:S:M2f{i, i^E?I^^I^!^®'^$v^A 1 

Id J; 5 ifciiRiR AS® d V > <k d t T- ^ 5 ^ b -C S o 
[0 0 11] LipU ±f3:ii:Sft2ic(i, i^mit-u—^o 

[0 0 12] 

H ^ tf C *5 V ^ T S M S ff -5 d * mia L T V ^ S h V ^ d 

{K^ifih^o ^e>tcsfc. :^:i^2(Da^ffT•{±^ 
7 ^ >®*^® J: -5 ^S&^btsgV^ < 
[0 0 13] *^B^jiciCDJ:a'5:*«t3a-:5v>-t:*^n 

[0 0 14] 

( 1 ) ^IS 1 : IfOiS^St. K^<&ia^5£m 
^;b^l^^lo|$mi:^ ^^t:ia5K5£^i:t-5B2®li 

(2) #g!2 : iJiamiC^HASAl. Si. GaSli^ 
Bul3^20D#MASAl. Si, GaStFTiA^?) 

(3) ¥^©3 : Bui3^1®^K®iP$*5 0. 5 nni~ 1 



Onmf*?), H5f3^2CDiiK®jl$4S5 Onm~l 0 
0 0 nm-CfeSdfca 

(4) ^ia4 : mis3Sl®i?K%, 77Xvi^'J-^ 
> ^{f ffl ^ ^ -r H ct o T ffJfig-r 5 3 i: o 

( 5 ) ^fS 5 : BtllSS 1 ©i?MtiDXBuf3^ 2 OiSm 

(6) -.y^yc^ ■ 

m^^-y-'f i'n bDv^tRi (ecr) x^ 

[0 0 15] fiP*., J*:^B^K:j;5*^i*U— Iftt, JS® 
C^il^Ts ^^l&li^!e7c^i:L«:v^^l©$^!|e^*e,^t) 

^ss®(cig-r€.^2(3!)^Mi:, mm^f^^^mttzm 

2(DUm-b'b^*)mm l CDi^K®±{CiSj■$^^fe^ 2cD 

tirizhiinmiiL. *sv^{±, H5f3^ 1 o*^Jis^ 
ASAl, Si, Ga;SVTiA*e,:fe2,PJ:>}a«nfe7c 
^©^fb^-C-fet), m^l3^2©$^iie^iSAl, Si, Ga 

su^T iA^S'feSPJ: ^3Sfsnfc7c^®^^bti-e^sz: 

fc^l^hb, fe5V^{i, Hul3miOl!mAS0. 5-1 
0 nmCDj?$«:#U mll3^ 2 C^mA^ 5 0~1 0 0 0 

[0 0 16] *fc*^B5tctSi|i^<*:^— tfCDSjfiT?^ 

feSV^tt, lllCB5t3^1®^m*fl^^K-r5B5f3xg{cg| 
Suf3i:l5ll:<X7XT • iJ''J-->^^<tffl^fe* 
1- i Hfif3^ 2 cD^IS^Ji^figl-Sxg 

:^^As, ECRX5Xx'ft«^-C-fe?>CJ:^1^^i:-r5 

[0 0 17] 

H^i^o, d<iDy':<;'^-NL-j/3>K©^l©^M{±^^ 
?fe§t^1-SCtAS35:<, LA^t,, )SAs+^{ciStST-fen 
T, ]isai:bi^I^^l^t{c43V^-c^), >'i-v'>'^-i>'3>jlAs^ 

«f*:^®CD^{b®jifT?£5S»f5®T-, CODCD^^^* 
^{C|»±T-t5o J?V^^{blKffeS^2CD|SM{i 

iiS:t(Astt^e5<£<, A^o^l©^mAs-^-^c^^,^mT•$ 
3>M4fl^fiioT-$S, ^ 2 ®liM{±m)l«:o 
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(4) 



<. 0. 5nmJ;t)^V^i:^ffMAsiibV^, ^2 
CD^M®@^AS1 0 0 Onmi^))i^,^i:. jiS:tj4sAt3B 
< CODf::i:o-t:j(?S b<«:<, ^fei^ASfiJAstifc?) 

5 OnmJ;fjm^i;Slt^*<£<-rscDAsilbV>. 
[0 0 18] 4:^l8cDlUEO}f^^t^5ii£^{*:b 

fSo z:cDECR2'^Xv^^|-^S{c-^v^-ca:, TfBiSciiK 
3Ci¥Si*s|B«?n-rv^s. :i:iK3 :/>s^a5 (t. o 
no) ffe, r^^^-^y^S&^tiDiSJif^CDet^^&ffaS? 

i7n hn^ttn^r^Xvftlfffi (Electron Cyclotr 
on Resonance Plasma Deposition Technique Usuing Ra 
w Material Supply by Sputtering ) j , Jpn. J.Appl. F 
hys.> Vol.23,No. 8 (1 9 8 4^3^ 2 6 B) , pp. L 5 
3 4-L 5 3 6 

[0 0 19] Z(Dicm.3iZj^tl{£. ECRy^X^itm 
mit. «^Jx.«, 03{C?x-rJ;5«:^@«JE£T-M{'t«SrfT 
PII21C*3V^T> ECRT-^X-Ttt. m^WL2 . 4 5 
GHz®^-f ^n^S?&^?gt3 lA»5,5^?g3 2*ab 
•CX^Xv^S 3{C^Ab. 8 7. SmTcDECR^fl^ 
tffl^-r 5^g|5?Kii^fif"J^{d:®^3 ;u 3 6 t cfc >3 
4 d tt-^a^e^jK: x'>f ^ D«tX7Xv^ie^$-li-5C 
i:K:<fct)^fig-r5o z.<otcit>. m7L\S.T)\^ny (Ar) 
■^T^CDm-^X' 1 0inA/cm2 Jii±©«^|gX7X-7^ 

^--yy h 3 4^X^XvBll3fflbPti2ab> X^l-y 
iJ'mjlS3 7r-ifiS5««SE^B]ADbT, 7*7XvgS3 8 

i^^&SX7X^ffeSfei!){c, mx.i£i} 
^.tLXArtrnm (N2) *fflV^5ClilT-> 1^3 5 
«ffi{c:*5tt5#t,^&^ tifcA 1 ©^fbS^&t J: D ^{bJl 
(A IN) ^l£3ietCftgT-§S, SfcJi^ X^ty^^- 
>)/ h 3 4 mffiT-O A 1 ©aitlSii&(C i b A 1 NODJgT- 

oi£J|s^3 5 Mmx(D^{hs.m^mm LtcimHmo^e- k 
[0 0 2 0] ±m(om < E c R X7 xv{t«^(i, iis^g 

gX^X-x'Cd;:|,K{t^§fTdO-CN tti^e<]^sia-c-)!g$ 



c:n<b(Dm<i^mt. v>-rnt)CODcDjii 

Ari;N2SrffiV^5®-C-> S^tl'T-^^^nfc ^ 7- • 
7 T-fe >y b KrMbr^SgjgX^Xvt: J;5 
{^ffloS&mAsSS. f ^i^#(*a®t::i!Rlfbfc^ 
^*5v^tt^'fbmsx^Xvi)S3^^)IS3^too, HftSSr 

SDb^VNCT-, X^X x'ti 518^^3 5 ©ali{4{^i:^ 

S*feot:> ^^>5:^fbi^54fi£b{c< <. Ga, As 
[0 0 2 1 ] zn(,(Dmmiz^r)/^i^^-iy3ym/^ 

SltSiS^&^SEI- S C i: AS plfg t S „ 
[0 0 2 2] 

[ 0 0 2 3 ] 0 u±> :^^iM(Dmmmiz^ii¥^mii^\y- 

-tfoU-yi? -xb^-TXiiaiSJ&ISfS^ji&S^-ro Itt 
n+-GaAsS^g> 2{in-GaA s-'t>j'77-S> 3 
{±n-AlGaAs^7>v KM, 4 43J:U'8ttA 1 Ga 
As:tf'fh*)i, 5*5J:lF7H:AlGaAs SCHB, 6 
H:InGaAsM»^#^t£1t;i> 9{±p-AlGaA 
s^'^'j/h'ji, 1 0(ip + -GaAs3>^i' hB, 1 

i\mmm. izttpmm. 1 3ttnm«iT-ife5. 

b^iV^AS^ m^i£. tffiiail¥fT*^CD^ffil3AlNK: 
.<t 1 CD^Mi: A 1 2 0 3t= <t 2 c, *K 5 

[0 0 2 4] micDmrn^mMT^tztbiz. ^r. ^^t^ 

feSV^(iMBE^£ : :9-?M3it^=^ri/-^) C 
J;!), n+-Ga AsS^l±Kn-GaAs-'t<3^7T 
B2A»e.p+-GaAs:3>^'^ Ml 0S-C-^li53fi£ 

[0 0 2 5] MovpE^T-tt, ^mi^niM.^(^m 

3l4i:bTb';^5^;i"f VS^'f^A (TMI) , hUx5^;u 
^'UC^A (TEG) > h'J^'f-JVyjUK-OA (TM 
A) *j:tjf7';u->> (ASH3) nSh--;r>hii 
bt-trbWb?^^ (H2Se) pM V i: b 
Ti'ai5=-Ji/S^>4' (DEZn) ^jpjfflbfco xlf^'dpi/ 
^J\^sS.MUmitmi 0 0°C, fiKSE:t/(ii^l O^Pai: 
bTl->S, ';T:tfX{±7X^ (H2) T-feS. 

[0 0 2 6] MBE^T-tt, mntbx^mn') 't;^ 
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(Ga) , ^yi^^A (In) . Ai^^umii^'m.m 

(As) 4s nMH-^l>hhL-CS iS. pSK->'t 
>Vi:\.xm.m (Zn) SripJfflUfc. 

So 

[0 0 2 7]fiE:R^, p+-GaAsn>^i' bJll 0 
*5J:U^p-AlGaAsi'7y KJi9 4iOXL/T, i|@ 
1 . 5 c> 3 A iii;S«© >; y y ^?Si^?:Bfi£-r 5 . f ^S: 

AlGaAs;tf-f KJ18$■^:-:Il'V5^>^'"■r5ii-g■ 
[0 0 2 8] U yt^^^B^'m. m^ii-r^^ h n > 
' 7,/^ y^^X' Si (DB^tm (SiOj) ipf>«:S«feii 

ji 1 1 ^m.m.m±mzB^u u yi;±gi5omsiEaA 

S S i 0 2 4 >y f C J: t) (^*-r S o 
^CD^, fi?dx.«i7DA (Cr) 43J;U^^ (Au) (Cr 
/Au) *>e)55:SA^ feSV>{iTi. (Pt) 
tfAu (Ti/Pt/Au) A»?>*:5pm®l 2 4ff$fi£ 

-rso ^o^, m^io OAfm^f^s^sf^u ^^ax. 

«Au, >f)\y-^=.^b. (Ge) *3J;V::i'V^r;i, (Ni) 
(Au/Ge/Ni) *»c>**nmfiil 3^BsS.-r?>. 

(0 0 2 9] UrffM^nfc0 2{;:5^-r i^'S:^'- 
■^f'5xyM4&, ii%fpizii\i^X'} yt^ ' T.V^'fyt 

mmy;\^izmm[^x. mmitzak-r^oKim^i^&^'w 

= 10mm^ ♦iL=9 0 0/zmO'i7iy\l Stc^fJt* 

#:??|S]<D^Hffl 1 5 a , I ShtiS."?— ■ yr-^y h t 
t^tztb. V— tf©Jtjg||ft{i>i7ai7N»iLiD9 0 0/um 

[0 0 3 0] ife:^, :S-fiJ$^nfe'i;3i/M 5 4, 
Sbfc^, M;iffEI3(cS^bfcECR7'7Xvf't«^a 

mmmi 5 sit:mHm<D:^iHiz{^i,fxmmt^o z. 

CD^, :^-'y>> hilb-Cfi, fi?'Jx.{SA14ffll^5. EC 
R XV{t«^S©K^->;^7^ A(DS^S:+^{C. 
f^St)*) 1 0-3paJiJLTf3$tf-C, 'J;3i/Njag42 0 0 

fbH (AIN) 1 6 4ft«^-a-Sfc*f3, Ar*5J;yJN 
2Jtf>^4r7Xv^3 3lz^AU, Mft«4M$g1-So 
AlNMl 64)1^5nin{t«^-y-fe^, m\^X^2<D 

nmhLX7)\^x-^j^omim: (AI203) 1 74(t 

^^-B-Sfetot, :tfX4Ar4b"<fct;f^^ (O2) (3 

^©®-C-MM«4SP|-r5, Al 203lgl74 
^$1 1 Onmf't^^ f^y'y^—'yBy^ (Al 
N/AI2O3) 1 8<DjBJ5K4^Tt- So 
-> 3 »1 1 8 4i^S^SS®o«SM^3 J;UfSWE^±Mi: 

fSo 



[0 0 3 1]^<!D^> ECRr^xvftifsaA^e,?^* 

4isit)ab-c, :0-iij$nfc'i7aiyN4^RA>e.3it)^i-o 

hD> • X/^-y^ffi^fflV^T, fi?iJx.«Al 2 034b-J:T;f^N 
S^£^'J3> (a-Si) 02mcD2M(l (AI2O3/ 
a-S i/Al203/a-Si) ^■^Rmm.l 9 hVX 

K^fiJUTs V— !f^«yX2 0 4^So 

[0 0 3 2] z:©J:5{cbt:f#feb-1ff=-'y7"2 0 4ffl 
wx. ^yi-;i/J:bTCDiSi:43j:o:^g^^fv\ ^i^^ 
tf^SiiTSo 

[0 0 3 3] W±> *^^4AlGaAs y^^^^^ 
ftU— ^f©S^3i-sCD3gfflC^V^T^ P*ffl«CiiB^bfeo b 

a A s J.mcDfb-&ti^#«i:A^ e> S ^m^V-^\iL ^ m 

.^:V^o ^3t, >'^>y->^-'>3>mi 8 4^llli:bT^ 
0±t:SlirB5±M4M}cjfMb-Ct.mv^o Sfc, iiSIt 
mi 9 4ffM-rSBiFtc*», ^MSlSbfcx 
'>3>M1 8i:IpIb<»l>AlNIS^liPV^Al203M4 
ECRX7Xv{t«?StJ:t))lii>:«jlU :i(Of^yi^^ 

-i^ Bym^msMm.<D%imiL\^x^^\i^o 

[0 0 3 4] ±i3©2ti:%BaK:J;Sit£i&<*U— tf© 
l^ai:^l&<^^{c43»t S {t*S14 1 r^l ^ 1 0® 4#,^ b Ti» 
0^1- So 

[0 0 3 5] H4{i, ±iaCIftB^bfe:^^C«t!5Siii$ 

nfc^igtjiv— tf, ■r^fct.^iBbfe^^- • 

h ±{c E C R X7 X-7ft«S(:: <t >3 tifc 5 n mo 
AIN (miCD^lR) 1 6i:l 1 OnmOAl203 (^ 
2CD^M) 1 7{::<fct)«J5K?nfc21icD>'i>)/i/^— >3 
1 8 4*-r S4^#i*:V— tf 4> 1 5 C mW-^cD3fe 

Sr^fo ffliS4 lAS2|s:^H^CJ:S*^1*L/-tfOfij{^S 
SSfti^-C-feSo 3CIT% 45-^{*V— !f{i, 5 0-C©S^ 
TtSA^n, 1 5 OmW-^cDitettS:trisf#?>nsJ;-5(c 
iJ^tm^SO^S4^foT^.^S, ia44»c,t)A»SJ;et> 
5il^oitg!5:^{b'5:bf3, 1 0 0 0I^PaW±Cb3£:o-C> 
1 5 0InW-^O3tm:^**ili3f$nTV^So ffl^ 

[0 0 3 6] 0 4{c*3{tS±iei^«iJB:. 3js:^BJ{:: J;S^ 
^fisEm;'J^^Jf^Bt{c^^(tS^tlM^tK:®i^T^^S 
iii:4^"fo 

[0 0 3 7] i>:C05{±> ±IBcDJt!:^aa{cJ:S 5nmO 
AlNMl 6i:l 1 0nmOAl203Ml 7t:J;»3«fig 
2«CD>'^ i/'^-i/ 3 >M 1 8 4*t-S^i^^<*l/ 
-ifii> tJ63t5®v^7^hn> .:^yi'y^S{;J:f)ff$^b 
fell Onm(DAl203tJ;t)^J5S;$nfclliO''^'yi^ 
'<-i/3>ll4^-rs#aSi*L'-1fi:cDs EI4©^{t^t 
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1 0 0 ommmi^wi<m(D^tiititm^mm(Dm 

m^mto Sim lA**^B^K:J:S^^ft:^-1fciD)feai 
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